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on thin single-crystal samples with the magnetic field perpendicular to the ab -plane, the third dimension (the thin dimension of the single-crystal film) along the c -axis is essentially frozen. Therefore it is likely that third-dimension fluctuations are not the primary cause of the observed disorder, and that in these thin samples the structure of the flux-line distribution is probably caused by crystalline defects which interact with the lines. The purpose of this contribution is to study the influence of a particular defect, the twin boundaries. Twin boundaries originate from the tetragonal-toorthorhombic phase transition which many of the new high-temperature superconductors undergo at various temperatures. The low-temperature orthorhombic phase, which consists of inequivalent a and b axes, seldom appears in "true"
... These three regimes are evident from an examination of, for instance, Figure 1 ( 
21t'A. (1) Here H (R ) is the local magnetic field at a radial distance R from the core of the line, The potential V (~) describes the attraction between the flux lines and the twin boundaries. An exponential potential was chosen to describe that interaction (4) In (4) Xi indicates the coordinate o~ the i flux line perpendicular to the direction of the twin boundaries (assumed to be all parallel to each other), xk 1s the corresponding coordinate of the k twin boundary, V 0 is the parameter that determines the strength of the twin-boundary/flux-line interaction and the dimensionless parameter cr governs the range of that attraction. The range of the twin-boundary potential is expected to be short compared to the magnetic penetration depth A. and its strength to decrease fast; the functional form of the potential was therefore chosen to be a Gaussian. The numerical values of V 0 and cr are difficult to estimate and should be determined experimentally ( e.g. from the pinning energies of the twin boundaries). In the calculations reported below the parameters were chosen so as to give results compatible with the experimental observations. The results were very insensitive to the choice of V 0 if the magnitude is larger than a given threshold (a change of two orders of magnitude in V 0 gave negligible changes in the static properties of the flux line -7 -distributions, even though the dynamic properties may be considerably altered. The density and location of the twin boundaries are functions of the "quality" of the sample, and depend on the way the sample was fabricated. (5) This leads to an interaction identical to a two-dimensional screened Coulomb repul-· sion. The total excess flux-line free energy now becomes ..
' This equation constitutes the basis of this work. The problem is to find the configurations of flux lines, for a given magnetic field. and a given configuration of -9 -twin boundaries that are local minima of the free-energy expression given above.
Although some analytic methods have been attempted to solve this problem 11 , it is far too complex to expect sensible solutions from that approach. The richness and variety of the numerical solutions reported below confirm this notion.
Before proceeding to report on the calculation and the results, the limitations of the model and approximations made should be discussed. The use of London's theory is probably a very good approximation, especially for the new high temperature superconductors since these materials all have a very large value of K (::: 100 ). The chosen form of the twin-boundary/flux-line interaction potential is a more difficult approximation to evaluate. Examination of the experimental data 9 clearly indicates that the interaction is attractive, and reasonably short-ranged. Therefore a Gaussian form, as adopted here, is plausible, although by no means certain. It can be justified qualitatively by assuming that the destruction of the order parameter (i.e. the formation of the core of the flux line) is more favorable at the twin boundary and its immediate neighborhood than in the rest of the crystal, and that there is negligible ineraction between the distribution of magnetic field lines and the twin boundaries themselves. In other words only when the core of the flux line lies within a few lattice parameters of the twin boundary is the interaction appreciable.
IlL MINIMIZATION AND RESULTS
The minimization of the free energy (6) was performed numerically. A hexagonal unit cell with periOdic boundary condition was chosen, a given number of parallel twin boundaries was introduced and repeated periodically in the direction perpendicular to the boundaries, and a finite number of flux lines was placed at random in the hexagonal unit cell. This ,latter number was always a perfect square (4, 9, and 16). The flux lines were infinitesimally displaced and the values of (6) calculated at every stage until a local minimum was achieved. The procedure used a sequential quadratic programming algorithm, in which the search direction is the solution of a quadratic programming problem. By having a high accuracy in the calculations, the random initial start configuration "moved" to the "nearest" stable or metastable minimum configuration. In all calculations the following parameters were used:
v 0 = 0.05
The other parameters were varied, so that the following fifteen cases were studied .. torted but clear and pronounced hexagonal symmetry This is a typical pattern observed experimentally when the density of twin boundaries is relatively low and the magnetic flux is relatively high.
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